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http://dx.doi.org/10.1016/j.fjs.2013.Summary Microvascular free flap surgery is one of the most important operations in recon-
structive surgery. With the advancement of microsurgical technique, the success rate of free
flap pedicle anastomosis is now >90%. The key to further enhance the free flap success rate
is early detection of vascular thrombosis and salvaging of the failing flap with early intervention.
The gold standard of postoperative free flap monitoring is clinical observation of flap color and
capillary refill; however, it is subjective and observer-dependent. Many objective methods have
been developed for accurate and early detection of flap pedicle thrombosis. Recent advances in
flap monitoring methods have been reviewed including implantable Doppler system, surface
temperature monitoring, near infrared spectroscopy, and telemedicine. The ideal postoperative
monitoring method for free flap surgery should meet the following requirements: it should be
noninvasive, reliable, accurate, inexpensive, and easy to use even for inexperienced personnel,
and it should provide real-time information. Although many new methods have been developed,
no single monitoring technique has fulfilled all these requirements.
Copyright ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Microvascular free flap surgery is one of the most important
operations in reconstructive surgery especially in dealing
with large or complex defects. Because of the advancementf Plastic and Reconstructive
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ight ª 2013, Taiwan Surgical Asso
05.006of the microsurgical technique, the success rate of free flap
pedicle anastomosis is currently >90%. An even higher
(95e97%) success rate has been reported by some medical
centers with large case numbers. The key to enhance the
free flap success rate is early detection of vascular
thrombosis and salvaging of the failing flap with early
intervention. The gold standard of postoperative free flap
monitoring is clinical observation of flap color and capillary
refill. With experienced staff early detection of pedicle
thrombosis is possible, but the standard is subjective andciation. Published by Elsevier Taiwan LLC. All rights reserved.
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not all be alert enough to find the pedicle thrombosis early
enough to salvage all failing flaps. There are many objec-
tive methods for detecting free flap pedicle thrombosis
such as a handheld Doppler,1 surface temperature,2
implantable Doppler system,3 and near infrared (IR) spec-
troscopy.4 Recent advances in these flap monitoring
methods are reviewed in this article.
2. Implantable Doppler system
The implantable Doppler system was first introduced in
1988.3 A 20-MHz ultrasonic probe with 1-mm2 piezoelectric
crystal embedded in a soft silicone sleeve was sutured
directly to the blood vessel distal to the vascular anasto-
mosis. It was left in place for 7 days for postoperative
detection of vascular thrombosis. Then the probe was
removed directly at the bedside from the wound. In a
recent report by Smit and colleagues5 on 327 flaps moni-
tored by the implantable Doppler system, 35 flaps needed
revision, and the salvage rate was 69% and was not signifi-
cantly different from that in the conventional method
group (60%). By contrast, in another report from Paydar and
colleagues6 on 169 head and neck free flap reconstructions
monitored by the implantable Doppler system, 19 failing
flaps due to pedicle problems were all detected and 18 of
them were successfully salvaged (salvage rate, 94.7%).
Another large retrospective study from Schmulder and
colleagues7 included a wide spectrum of microvascular free
flap surgeries. With 259 free flaps monitored by the
implantable Doppler system, 33 flaps needed reexploration,
and the successful salvage rate was 88% (29 cases), which
was significantly higher than that in the control group
assessed by clinical observation, with a salvage rate of 46%
(12/26). From their studies, the most significant difference
was observed in head and neck reconstruction followed by
breast reconstruction. The implantable Doppler system is a
unique method because of its direct and continuous moni-
toring ability. It is especially valuable in buried flaps.
However, with controversial results from these retrospec-
tive studies, it remains inconclusive as to whether the de-
vice ultimately improves outcomes in free tissue transfers.8
The implantable Doppler system can be used to monitor the
pedicle artery or vein, but reports of the system exclusively
used in the vein showed a better positive predictive rate.9
The possible explanation is that venous thrombosis is more
common than arterial thrombosis, and the artery will be
patent for a certain period after venous thrombosis.
3. Flap temperature monitoring
Surface temperature is a conventional method for post-
operative free flap monitoring. Khouri and Shaw2 retro-
spectively reviewed 600 consecutive free flaps, where
surface-temperature recording was the main method of
monitoring used and a detailed temperature record was
kept. They defined a value CDT, which represents the
change in temperature difference between the flap and
control sites over a specified period, and found a difference
of more than 1.8C to be significant in representing flap
circulation compromise. Papillion and colleagues10 reportedthe postoperative measurement of surface temperature in
47 microvascular free flaps. Temperatures of the flap failure
group during the past 24 hours yielded a mean difference of
2C compared with surviving flaps (p < 0.05), and the flap
failure group had a 3.7C difference between its tempera-
ture and the adjacent skin control temperature compared
with a 1.5C difference in the surviving flaps and their
adjacent skin control. Although surface temperature mea-
surement is regarded as a sensitive tool in monitoring
venous congestion of digital replantation,11 some authors
reported that surface temperature monitoring failed to
detect any changes prior to complete or partial flap failure
or reoperation in any case of deep inferior epigastric
perforator (DIEP) breast reconstruction.12
The clinical application of IR thermography was first
introduced in 1956, and it was found that the skin tem-
perature over a cancer in a breast was higher than that of
normal tissue.13 With the advancements in IR camera
technology featuring higher sensitivity and computer image
analysis, it is suitable for measuring subtle changes in flap
surface temperature. de Weerd and colleagues14 reported
dynamic IR thermography used in autologous breast
reconstruction with a DIEP flap. This noninvasive and
noncontact technique for indirect monitoring of skin blood
perfusion can be used in the preoperative planning and
intraoperative evaluation of flap perfusion, as well as the
postoperative monitoring of perfusion dynamics of DIEP
flaps. Yamamoto and colleagues15 reported a handheld IR
thermography camera for postoperative monitoring of the
thoracodorsal artery perforator flap. The practical ther-
mography camera weighs approximately 300 g, and thus it
is quite easy to carry around for flap monitoring.4. Near IR spectroscopy
Near IR spectroscopy was first described to measure tissue
oxygenation in 1977.16 Calibrated IR light was delivered to
tissue via a light source probe, and a detector was also used
to measure absorbed and scattered light at different
wavelengths, which was influenced by the tissue chromo-
phore, mainly through hemoglobin. By IR, we can measure
relative changes of oxygenated, deoxygenated, and total
hemoglobin concentration, and oxygen saturation in tissue.
Repez and colleagues17 reported a prospective study using a
near IR spectroscope in 50 free flaps for breast recon-
struction, and 10 flaps with circulatory compromise were all
identified prior to clinical assessment. With venous throm-
bosis, deoxygenated and total hemoglobin increased
whereas oxygenated hemoglobin and oxygen saturation
decreased. With arterial thrombosis, deoxygenated total
hemoglobin increased, whereas oxygenated hemoglobin,
total hemoglobin, and oxygen saturation decreased. The
oxygen saturation dropped to zero from baseline in mean
43 minutes with venous thrombosis and 37 minutes with
arterial thrombosis. Keller18 reported 208 microsurgical
flaps for breast reconstruction using near IR spectroscopy
for postoperative monitoring. Tissue oxygen saturation
<30% or a decrease rate of >20% per hour and sustained for
>30 minutes was set as the positive finding for vascular
thrombosis. Five out of 208 flaps with vascular compromise
were all identified in this method before clinical signs
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made between conventional and near IR spectroscopy
monitoring of free flap surgery. The overall survival of
threatened flaps was zero (0/5) in the conventional group
and 86% (6/7) in the near IR spectroscopy group (p < 0.005).
The overall flap survival was 91% in the conventional group
and 99% in the near IR spectroscopy group (p < 0.05). Lin
and colleagues20 also reported a microsurgical breast
reconstruction flap salvage rate of 58% with conventional
monitoring method and a 94% rate with near IR spectros-
copy (p Z 0.015).
Although near IR spectroscopy is a sensitive, specific,
and noninvasive method for postoperative free tissue
transfer monitoring, drawbacks remain and the main issue
is the cost required for the monitoring device and dispos-
able probes. Pelletier and colleagues21 performed a cost
analysis of near IR spectroscopy for monitoring autologous
free tissue breast reconstruction. The authors hypothesized
that the practice will reduce medical costs by eliminating
the need for specialized nursing. Although the costs for the
monitoring device increased, the total cost for the patient
decreased significantly in their study.
In addition to IR spectroscopy, visible white light spec-
troscopy was also used for free flap monitoring by non-
invasively measuring hemoglobin saturation at the capillary
level. Fox and colleagues22 reported monitoring 31 free
flaps with visible white light spectroscopy. Normal capillary
hemoglobin saturation was between 40% and 75%. One flap
was found to have vascular thrombosis, and hemoglobin
saturation dropped from 50% to <30% 50 minutes prior to
identification by clinical examination.5. Telemedicine
Communication among medical personnel is important in
daily patient care. Good communication consists of providing
and receiving information efficiently and correctly. With the
development of smartphones and high-speed mobile data
networks, photos and videos can be captured and shared in
a real-time fashion, and it is especially suitable for post-
operative free microvascular flap monitoring. Engel and
colleagues23 reported 113 consecutive free flaps monitored
with in-person examinations and assessed remotely via
photographs transmitted over smartphones. The accuracy
rate was 98.7% and 94.2% for in-person and smartphone
photographic assessments, respectively. The response time
to reexploration in the smartphone group was statistically
shorter than that in the in-person group. Chen and col-
leagues24 reported 112 intestinal flaps monitored by images
that were accessed via the Internet. Only two out of nine
reexplored flaps were lost completely, and the rate of
salvage for the intestinal flap was apparently higher than
those reported in the literature. Hee Hwang and Mun25 used
smartphone and mobile messenger applications including
multimedia during the initial postoperative period of 123
consecutive free flaps. The flap survival rate increased from
96.2% to 100%, and the threatened flap salvage rate rose
from 50% to 100%. The time interval between the first
notification of flap compromise and the start of reexplo-
ration was significantly shortened (4.0 hours vs. 1.4
hours).25The implantable Doppler system and near IR spectros-
copy are two accurate and specific objective methods for
monitoring vascular thrombosis, but the cost has to be
taken into account as compared with subjective clinical
observation. Surface temperature monitoring is also a
conventional method for detecting flap pedicle thrombosis,
but the efficacy is debatable with thermocoupling devices
in the past. A more accurate IR thermograph with two
dimensional imaging has been made available recently with
lower cost, and reevaluation of the surface temperature
monitoring method with these new devices is promising and
deserves more attention in the future. Telemedicine using
smartphones and mobile data networks shows the advan-
tage of real-time communication among medical staff, and
it can be used to send data of clinical observation or any
monitoring devices. Its true value lies in reducing the
response time of the surgical team and improving the
salvage rate. The ideal postoperative monitoring method
for free flap surgery should meet the following re-
quirements: it should be noninvasive, reliable, accurate,
inexpensive, and easy to use even for inexperienced
personnel, and should provide real-time information.
Despite the numerous new methods so far developed, no
single monitoring technique has fulfilled all these
requirements.References
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